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Among a variety of other plants, mycorrhizal symbiosis, i.e. the mutualistic interaction 
between fungi and the root of vascular plants, has significant importance also for the grape. 
The fungal partner (mycobiont) supports the water and nutrient uptake of the host plant, while 
the mycobiont gets carbohydrates from the plant, which is necessary for its metabolism. This 
symbiosis is essential for the optimal and healthy development of the host plants. 
Consequently, in case of nutrient deficiency and among poor soil conditions, mycorrhizal 
colonization is of considerable importance. 
The nutrient uptake of the mycorrhizal plant is also influenced by the soil characteristics, the 
soil cultivation method and the nutrient supply. Defoliation of the grape leads to the decrease 
of carbohydrate production, which may lead to decreasing mycorrhizal colonization. In 
drought tolerance, the symbiosis has a remarkable effect on the nutrient uptake including also 
the phosphorus (P) uptake of the grape.  An increasing P supply may lower the degree of 
mycorrhizal colonization. In case of superabundant phosphorous supply, the carbohydrate 
demand of the mycorrhiza is not proportional to the benefits offered by the fungus. Therefore, 
the degree of mycorrhizal colonization is lower here compared to soils with phosphorous 
deficiency. The climatic and edaphic conditions of the vineyard and the training system 
applied may also influence this interaction. 
 
Based on the above mentioned facts, the aims of our investigations were as follows: 
 
1) How does the different bud load affect the degree of mycorrhizal colonization of the grape? 
If any differences would be observed, what is the relationship between the mycorrhizal status 
and  a) the quality and quantity of the yield; b) the number of clusters; c) water potential (ψm) 
of the grape; d) indices of the foliar analysis? What kind of dynamics is observed concerning 
the mycorrhization pattern during the investigation period?  
 
2) How does the usage of foliar P-fertilizer influences the effects of different bud load 
concerning the mycorrhizal colonization? 
 
3) Does bud load uniformisation has any effect on the differing mycorrhizal colonisation level 
of previously unequally loaded grape plants? 
 4) How does the different level of the soil moisture affects the degree of mycorrhizal 
colonization of the grape? Are the differences in correlation with the qualitythe quantity of the 
yield or with the element content of the leaves? 
5) How does the level of mycorrhizal colonization changes with the drying out of the inland 
water affected soil? 
 
2. MATERIALS AND METHODS 
2.1. Effects of bud load and foliar sprays containing phosphorus (P) on the degree of the 
mycorrhizal colonization (BCE SZBI Szigetcsép) 
 
The Kunság wine region – where Szigetcsép is located – is the largest one in Hungary. Like 
the whole wine region, the sample area is covered with sandy soil; the climate is continental 
with hard colds in the winter and also in early spring. The summer is usually hot, with drought 
periods. The experiment was carried out in the training vineyard of the Corvinus University of 
Budapest. The investigated variety was the interspecific, pest resistant ‘Viktória gyöngye’ 
cultivar, grafted on T-K 5 BB rootstocks.  
 
Treatments: 
- Control: 9 bud/vine load (3 bud/m2), summer pruning  
- Low bud load (3 bud/m2) 
- Low bud load (3 bud/m2), summer pruning and P-spraying 
- Low bud load (3 bud/m2), P-spraying 
- Heavy load: 32 bud/vine (10, 7 bud/m2), summer pruning 
- Heavy load: 32 bud/vine (10, 7 bud/m2) 
- Heavy load: 32 bud/vine (10, 7 bud/m2), summer pruning and P-spraying 
- Heavy load: 32 bud/vine (10, 7 bud/m2), P-spraying 
 
As a spray treatment we used the Fosfonin Flow foliar fertilizer, three times from the end of 
the bloom till vintage, using the dose 1,5 l/ha. The foliar fertilizer contained P2O5:  72, 7 % 
w/w, K2O: 8,3 % w/w, KH2PO4: 81,0 % w/w. In 2012, the midday water potential (Ψm) of the 
grape leaves was measured two times with a Scholander pressure chamber instrument (SPKM 
4000, Skye Instruments Ltd.).  
 
2.2. Investigation of the bud load effect on the mycorrhizal colonization of the grape (Gál 
Vineyard and Winery) 
 
The experiment was carried out in the Gál Vineyards and Winery. The investigated variety 
was Kékfrankos, grafted on Teleki 5 C rootstocks. The samples were collected from vines of 
two different bud loads (low load: 4 bud/m
2
; high load: 11 bud/m
2
). After two vegetation 
periods, in the autumn and winter of 2010-2011, the bud load was unified to 8 bud/m
2
 in each 
row. In case of this field trial our aim was to study the effects of bud load uniformisation on 
the mycorrhizal colonization of plants with different former bud loads. We investigated the 
roots of the study plants one year after bud load uniformisation.  
2.3. Changes of mycorrhizal colonization along a moist gradient (Eger) 
 
Three sets of experimental blocks were delineated at three different elevations along the slope 
of the sample vineyard . Samples were taken from the same plots in the spring and autumn. In 
addition to mycorrhizal colonization, yield and the must quality were measured. The vine 
variety investigated was a Pinot Noir grafted on Teleki-Kober 125 AA rootstock, planted in 
2001. The soil of the plantation is Ramman brown soil, which is a clay type. Due to the high 
level of precipitation in 2010, the roughly 1000 m
2
 area of the lowest-lying area of the 
plantation was covered with inland water until the end of 2012. The standing water and high 
water table destroyed all the grape plants in this area. However, by the end of 2012 the patch 
of inland water disappeared). The lowest sample site lied closest to the patch of inland water, 
thus the soil moisture content of the blocks represented a gradient. 
 
2.4. Method for investigating mycorrhizal colonization 
 
Root samples were taken four times in each study area, in the spring and autumn of the years 
2011 and 2012. At each sampling occasion 16 grape plants were sampled per treatment from 
the under-vine, from the soil depth range of 0-50 cm. The roots were washed with distilled 
water, then fixed in ethanol (70%). Root samples were cut into 1-cm-long pieces. 30 samples 
per treatment were taken; they were stained with anilin-blue, and investigated under light 
microscope using the method of McGonigle (1990) and Schreiner (2003). If in the sample 
arbusculum, vesiculum, or hypha was found, we counted it as colonized.  
All results were statistically analysed with One-Way Anova Tukey and Fisher’s exact test 
using the software SPSS.  
 
 
3. NEW SCIENTIFIC RESULTS  
 
1) This open-field research was the first one in Hungary investigating the mycorrhizal 
colonization at two Hungarian wine regions (Kunság and Eger) on three grape 
varieties (Viktória gyöngye, Kékfrankos, Pinot noir) in relation to the site 
conditions and different agro- and phytotechnical treatments. Besides evaluating 
the percentage values of colonistaion, the number of arbuscules at the investigation 
points was also counted. Although, this method is time- and labour-demanding, it 
provides more accurate information on the effectiveness / functioning of the 
arbuscular mycorrhiza.  
 
2)  I proved that the functionality of the mycorrhiza considerably depends on the bud 
load, and on the content of elements of the soil. In case of 3 bud/m
2 
loaded stocks 
with trimmed canopy, the three times applied, 1,5 l/ha dose of P-spray fertiliser 
decreased the number of arbuscules. In case of Viktória gyöngye cultivar planted 
on sandy soil, applying single-curtain training system, I observed that 10,7 
buds/m
2
 bud load and non-trimmed stocks with three times applied 1,5 l/ha P-
foliar spray fertilisation had positive effect on mycorrhizal colonization.  
3)  I have proven that the observed effect of different P-treatments on the colonization 
level is in accordance with the yield, pruning weight and midday water potential 
values measured for the plants. The P-treatment did not enhanced significantly the 
yield and the pruning weight of the high bud loaded stocks grown on nutrient poor 
soil. 
4)  On sandy soil with low nutrient and humus content, the first signs of the bud load 
effect are observable right at the blooming period. The increase of the bud load 
reduces, the decrease of the bud load enhances the degree of mycorrhizal 
colonization. Leaving the canopy without summer pruning decreases the number 
of the arbuscules.   
 
5) Higher arbuscular colonisation level can be observed in case of previously 
overloaded grape plants even 1,5 years after uniformising the bud load. However, 
the difference between the mycorhizal colonisation of plants with differing 
previous bud loads is gradually diminishing. 
 
6)  High soil moisture content significantly reduces the number of arbuscules (i.e. 
mycorrhizal activity). Four months after the decrease of soil water content, the 





- The effects of the foliar sprays containing P on the mycorrhizal colonization depends 
on the content of the elements of the soil, and of the applied bud load and canopy 
management. 
- The heavy bud load and uncontrolled canopy can lead to decreased myocorrhizal 
colonization. The enhanced need for the assimilates of the plant can result in 
suboptimal mycorrhizal cololization.  
- The inland water-cover in the vineyard can cause unfavourable condition for the grape. 
Consequently, among such circumstances, the intensity of the symbiosis with the 
fungal partner also decreases. 
- Changing the bud load of the plants needs thorough evaluation. Enhanced bud load 
resulted higher yield and foliage, what can cause decrease in the amount of stored 
nutrients of the plant. The higher need for carbohydrates by the plants may result the 
decrease of mycorrhizal colonization, which can lead to reduced tolerance against 
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